Introduction: The aim of this study was to study the anatomical types of total anomalous pulmonary venous connection (TAPVC), the associated cardiac and extracardiac congenital malformations, clinical manifestations, and postoperative evolution. Materials and methods: Twenty-four patients with a mean age of 125 days, admitted to the Clinic of Pediatric Cardiology III between January 1, 2009 and December 31, 2015 and diagnosed with TAPVC were included in the study. The patients were evaluated clinically, electrocardiographically and echocardiographically, both pre-and postoperatively. Postoperative evolution was monitored at 1, 3, 6, 12 and 24 months. Results: The anatomical types of TAPVC were: supracardiac in 50% of cases (12 patients), cardiac in 37.5% (9 patients) and mixed type in 12.5% of cases (3 patients). The first clinical manifestation was cyanosis in 72.2% of cases. Surgical correction was performed at a mean age of 37 days in obstructive forms, and 254 days in non-obstructive forms. From the study lot, 8.4% of patients had associated extracardiac malformations (anorectal agenesis and Ivemark syndrome). Early postoperative complications included pulmonary hypertension crisis (60% of cases), supraventricular arrhythmias (35% of cases) and chylothorax (8.4% of cases). Late postoperative complications included: reintervention in 8% of patients with mixed type TAPVC. Conclusions: The most frequently encountered type was supracardiac TAPVC, which had a favorable postoperative evolution. Mixed type TAPVC had the highest rate of reintervention.
INTRODUCTION
Total anomalous pulmonary venous connection (TAPVC) is a rare form of congenital heart disease (CHD), characterized by the abnormal opening of the pulmonary veins either into one of the systemic veins (connection abnormality) or the atrium (drainage abnormality). Its prevalence is estimated at 0.6-1.2 per 10,000 live births, being one of the most common causes of cyanosis in children with CHD. 1, 2 Thirty percent of TAPVC cases are associated with other complex heart defects. An atrial septal defect constitutes the pathway through which the left heart is supplied with blood, thus becoming an essential hemodynamic situation that ensures survival. Obstructive forms are neonatal cardiovascular emergencies that lead to death in the absence of surgical correction, 3 which is often difficult and must be adapted to the anatomical type of TAPVC. 4, 5 The aim of this study was to analyze the anatomical subtypes, early clinical manifestations, as well as the early and late postoperative evolution of pediatric patients with TAPVC.
MATERIAL AND METHODS
Twenty-four patients with a mean age of 125 days (range 5 days -15 years), admitted to the Clinic of Pediatric Cardiology III of Tîrgu Mureș between January 1, 2009 and December 31, 2015 and diagnosed with TAPVC were included in the study. Pre-and postoperative clinical and echocardiographic assessment was carried out in all patients. The echocardiographic evaluation was performed using a Philips IE 33x (PHILIPS IE-33 X MATRIX USA PHILIPS Product Ultrasound Echocardiography System) echocardiograph. The surgical procedures were carried out in the Clinic of Cardiovascular Surgery within the Cardiovascular Disease and Transplant Institute of Tîrgu Mureş. The demographic data, clinical manifestations and echocardiographic descriptions used in this observational retrospective study were obtained from the patients' observation records. Surgical procedures were described in the protocol registry of the Department of Cardiovascular Surgery. Early postoperative complications in patients being admitted to the pediatric Intensive Care Unit (ICU) were obtained from the epicrisis of transfer records. The diagnosis was made echocardiographically and in 6 cases it was augmented by computed tomography. The analysis of TAPVC type and associated congenital heart defects was made using echocardiography protocols. Inclusion criteria: age between 0-18 years with simple or complex TAPVC (associated with various forms of congenital heart defects). Exclusion criteria: children with other types of congenital heart defects. Microsoft Excel 2007 was used for data centralization and statistical analysis was performed using the Student's t-test.
RESULTS
From the 24 children included in the study, 67% were males. Regarding age, 43% of the diagnosed children were newborns (0-29 days), 4% were infants (1-3 months) and 53% were over 4 months old. Most patients (63%) came from an urban background, and their weights varied from 2.2 to 3.8 kg (the mean weight at birth was 3.2 kg). Clinical signs at admission included: cyanosis (72.2%), feeding fatigue (33.6%), poor weight gain (29.4%), and diaphoresis (8.4%). The analysis of the anatomical types of TAPVC showed: supracardiac type in 50% of cases (n = 12), cardiac type in 38% (n = 9, from which in 8 patients there was a connection to the coronary sinus, and one patient had direct drainage to the right atrium) and mixed type in 12% of patients (n = 3). Obstructive TAPVC was encountered in 21% of patients (4 with supracardiac and 1 with mixed type). Preoperative oxygen saturation levels were between 69% and 88% (mean value 78%).
From the total number of patients included in the study, 8.4% had associated extracardiac congenital defects (1 case with anorectal agenesis and 1 case with supernumerary renal arteries and asplenia). Congenital heart defects associated with TAPVC are shown in Figure 1 The mean duration of preoperative care was 9 days (range 0 to 33 days), and the mean duration of hospitalization in the Intensive Care Unit was 5 days (range 1 to 22 days). There were two deaths in our study population: one patient with mixed type TAPVC (coronary sinus and left innominate vein) died postoperatively, and one patient with mixed type TAPVC (with infracardiac and supracardiac connection) died before the operation.
DISCUSSION
TAPVC is a cyanotic congenital heart disease, and its obstructive forms are considered neonatal emergencies. 2, 3, 6 This study aimed to analyze the demographic characteristics, diagnosis and presentation of TAPVC, as well as its anatomical subtypes and postoperative evolution.
Demographic characteristics
TAPVC was predominantly encountered in males (67%) in concordance with data presented in previous studies. 2, [7] [8] [9] Diagnosis and presentation of TAPVC Early clinical manifestations included: cyanosis in 72.2% of cases, poor feeding in 33.6% of cases, reduced weight index in 29.4% of cases and diaphoresis in 8.4% of cases. Seale et al. published a study conducted on 422 patients, which showed cyanosis as the main early symptom in TAPVC. 2 
Anatomical subtypes
In establishing a diagnosis and determining the anatomical subtype, echocardiography is still the most useful noninvasive method. 9, 10 If the echocardiographic window is too narrow or the diagnosis is incomplete, especially in mixed or infracardiac types, MRI or multi-slice CT is required. 11, 12 Anatomical subtype was established using echocardiography, while in 6 cases CT was required. The Darling classification remains the most widely used method to classify TAPVC: subtype I -supracardiac anomalous pulmonary venous connection; subtype II -coronary sinus or direct right atrium anomalous pulmonary venous connection; subtype III -infracardiac anomalous pulmonary venous connection; subtype IV -unknown or multi-level anomalous pulmonary venous connection. 13 According to other studies, mixed type is the most rarely seen TAPVC, in concordance with our own results. 8, 9 Complex forms of TAPVC, encountered in 4 patients, were associated with heterotaxy syndrome and single ventricle physiology, in concordance with studies concerning surgical approach and postoperative course. 14, 15 The diagnosis was established at a mean age of 125 days, later than in similar studies. 2, 3, 10, 16 
Postoperative evolution
The mean age at which the patients benefited from surgical correction was 37 days in obstructive forms and 254 days in non-obstructive forms, also later than in similar studies due to the lack of a territorial network of pediatric cardiology services. 3, 8, 17, 18 Early postoperative complications included: pulmonary hypertension crisis in 60% of cases, which had improved after inhaling nitric oxide, supraventricular arrhythmias in 35% of cases, laryngeal palsy and chylothorax in 12% of cases. Several studies show a correlation between the type of surgery performed and the risk of postoperative complications. 16, [19] [20] [21] In our study, intraoperative variables such as cardiopulmonary bypass time and cross-clamp time were not associated with a higher risk of arrhythmias (p >0.05). Late postoperative complications occurred in 2 patients (8%), at 9 and 12 months after the initial surgical procedure, in the form of obstruction. Both cases had mixed type TAPVC. Comparing the occurrence of postoperative arrhythmia with similar studies, we observed a lower incidence of sinus node dysfunction in survivors with TAPVC, namely 8% of cases (2 of 24). 18, 22 Limitations This is a retrospective descriptive study on a small number of patients; however, TAPVS is a rare disease, therefore it can be difficult to collect an increased number of patients for a larger study lot.
CONCLUSION
The most frequently encountered type of TAPVC was the supracardiac type, which showed favorable early and late postoperative evolution, while mixed type TAPVC had the highest rate of reintervention.
